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型结构。当 n 是偶数时，BeCn-基态构型中 Cn 链的键长和键级具有类似聚炔




























原子位于碳链末端。C5F-的基态构型是 F-C 末端碳原子连接两个 C2 链的 Y 型










































The dissertation was devoted to the theoretical study on beryllium-doped 
carbon cluster anions BeCn-(n=1-8), BeCn2-(n=4-14) and fluorine-doped carbon 
cluster anions CnF-(n=1-11). Using the software of molecular graphics we 
designed numerous models, and carried out initial geometry optimization with 
molecular mechanics. Geometry optimization and calculation of vibration 
frequencies were conducted by means of B3LYP/6-31G* method. To ascertain the 
ground-state structures, the single point energies were calculated at the 
B3LYP/6-311+G* level. Based on NBO charge calculations and the analyses of 
valence bond structures, we summarized the structural rules of anionic clusters. 
The trend of odd/even alternation in accelerator mass spectrometry can be 
explained according to the variation of bonding character, electronic configuration, 
electron detachment energy, and incremental binding energy. Knowledge acquired 
in this dissertation can provide helpful information for further theoretical studies. 
Main results and conclusions were summarized as follows: 
1. BeCn-(n=1-8) 
The ground-state isomers of BeCn-(n=1-8) are linear in structure with the 
beryllium atom located at one end of the Cn units, except for BeC5-. For the chain 
with even number of carbon atoms, the bond lengths and bond orders suggest a 
polyacetylene-like structure, whereas for those with odd number of carbon atoms, 
the data suggest a cumulene-like arrangement. The anionic clusters with “even-n” 
are more stable than those with “odd-n”. The trend of odd/even alternation can be 
observed from the variation of bonding length, positive charge of beryllium atom, 
electron affinity, incremental binding energy, and dissociation channels. The 
results of calculation are in good agreement with the relative intensity of the BeCn- 















The ground-state structures of BeCn2-(n=4-14) are linear with the beryllium 
atom located inside the Cn chain. For the side chains with an even number of 
carbon atoms, the bond lengths and bond orders suggest a polyacetylene-like 
structure, whereas for the side chains with an odd number of carbon atoms, the 
data suggest a cumulenic-like arrangement. The dianionic clusters with “even-n” 
are more stable than those with “odd-n”. The trend of odd/even alternation can be 
explained according to the variation of bonding character, electronic configuration, 
electron detachment energy, and incremental binding energy. The results of 
calculation are in good agreement with the relative intensity of the BeCn2-(n=4-14) 
species observed in experimental studies. 
3. CnF-(n=1-11) 
Except for CnF-(n=5, 10, 11), the ground-state structures of CnF- are 
near-linear configurations with the beryllium atom located at one end of the Cn 
units. The ground-state structure of C5F- is a planar structure with two C2 units 
connected to the carbon atom of the FC unit, and the ground-state structures of 
CnF-(n=10, 11) are the planar structures in which a Cn ring is connected to a 
fluorine atom. The clusters with “even-n” are more stable than those with “odd-n”. 
The odd/even alternation trend can be explained according to the relative energy, 
electron affinity, and incremental binding energy. The results of calculation are in 
good agreement with the experimental phenomena observed in mass spectrometric 
studies. 
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增加一个杂原子 X 到相应的碳团簇 Cn-制备了一系列掺杂原子碳团簇负离子，
这里杂原子 X 可以是主族元素、过渡金属元素，也可以是非金属元素[12-16]。




HF/3-21 和 B3LYP/6-31G* 方 法 对 CnN-(n=1-13)[18] 、 CnB-(n ＜ 13)[19] 、
CnP-(n=1-13)[20]、AlCn-(n=1-11)[21]和 CnSe-(1≤n≤11)[22]团簇进行了研究。Zhan
和 Iwata 使 用 从 头 算 方 法 研 究 了 CnN-(n=1-13)[23] 、 CnB-(n=1-7)[24] 和
CnP-(n=1-7)[25]团簇。Pascoli 和 Lavendy 在 B3LYP/6-311G*密度泛函计算结果
的基础上提出了 CnN-(n=1-7)[26]和 CnP-(n=1-7)[27]的构型。Fisher 等人根据密度
泛函计算结果总结了 CnP-(n=3-9)团簇结构[28]。Tang 等人使用 DFT/B3LYP 方
法对 CnX-(n=1-10, X=Na, Mg, Al, Si, P, S, Cl)[29] 、 PbCn-(n=1-10)[30] 和
GeCn-(n=1-9)[31]团簇的线型基态构型进行了对比研究。Vandenbosch 和 Will 运
用从头算方法分析了 RbCn-(n=1-10)团簇[32]。Gomei 等人采用从头算方法探讨
了 SiCn-(n=2-5)团簇[33]。应用密度泛函方法，Pan 等人完成 CnH-(n≤10)团簇的
理论计算[34]。同样采用密度泛函方法，Largo 等人对 AlCn-(n=1-7)[35,36]、
NaCn-(n=1-8)[37]、MgCn-(n=1-7)[38,39]、CaCn-(n=1-8)[40]和 CnCl-(n=1-7)[41]团簇进





















和 OCn2-(n=5-19)[44]团簇。使用从头算方法，Dreuw 等人对 SixCy2-(x=1,2, 
y=4-9)[45,46]、OCn2-(n=5-8)[44]和 BeCn2-(n=4, 6)[47]团簇进行了理论研究。Shi 等
人用从头算方法计算了几种几何构型稳定的 BeC42-异构体的库仑斥力位垒
[48]。 































[1] 王广厚. 物理, 1997, 27:338. 
[2] 刘向红, 王秀岩. 化学进展, 1999, 11:60. 
[3] Rinzler A G, Hafner J H, Nikolaev P. Science, 1995, 269:1550. 
[4] Guo B C, Kerns K P, Castleman A W Jr. Science, 1992, 255:1411. 
[5] Li Y, Wang X Y, Zhang X G. Chem. Phys. Lett.,1997, 278:63. 
[6] Li Y, Liu X H, Wang X Y, Lou N Q. Chem. Phys. Lett., 1997, 276:339. 
[7] 王广厚. 中国科学基金, 1995, 3:19. 
[8] 王广厚. 物理学进展, 2000, 20:52. 
[9] 王广厚. 物理, 1995, 24:13. 
[10] Weltner Jr W, Van Zee R J. Chem. Rev., 1989, 89:1713. 
[11] Liu Z Y, Tang Z C, Huang R B, Zhang Q, Zheng L S. J. Phys. Chem. A, 1997, 101:4019. 
[12] Consalvo D, Mele A, Stranges D, Giardini-Guidoni A, Teghil R. Int. J. Mass Spectrom. Ion Proc., 1989, 
91:319. 
[13] Leleyter M, Joyes P. Surf. Sci., 1985, 156:800. 
[14] Orth R G, Jonkmann H T, Michl J. Int. J. Mass Spectr. Ion Proc., 1982, 43:41. 
[15] Becker S, Dietze H J. Int. J. Mass Spectr. Ion Proc., 1988, 82:287. 
[16] Huang R B, Wang C R, Liu Z Y, Zheng L S, Qi F, Sheng L S, Yu S Q, Zhang Y W. Z. Phys. D, 1995, 33:49. 
[17] Klein J, Middleton R. Nucl. Instrum. Methods Phys. Res. B, 1999, 159:8. 
[18] Wang C R, Huang R B, Liu Z Y, Zheng L S. Chem. Phys. Lett., 1995, 237:463. 
[19] Wang C R, Huang R B, Liu Z Y, Zheng L S. Chem. Phys. Lett., 1995, 242:355. 
[20] Liu Z Y, Huang R B, Zheng L S. Chem. J. Chin. Univ., 1997, 18:2019. 
[21] Liu Z Y, Huang R B, Tang Z C, Zheng L S. Chem. Phys., 1998, 229:335. 
[22] Wang H Y, Huang R B, Chen H, Lin M H, Zheng L S. J. Phys. Chem. A, 2001, 105:4653. 
[23] Zhan C G, Iwata S. J. Chem. Phys., 1996, 104:9058. 














[25] Zhan C G, Iwata S. J. Chem. Phys., 1997, 107:7323. 
[26] Pascoli G, Lavendy H. Chem. Phys. Lett., 1999, 312:333. 
[27] Pascoli G, Lavendy H. J. Phys. Chem. A, 1999, 103:3518. 
[28] Fisher K, Dance I, Willett G. Eur. Mass Spectrom., 1997, 3:331. 
[29] Li G L, Tang Z C. J. Phys. Chem. A, 2003, 107:5317. 
[30] Li G L, Xing X P. Tang Z C, J. Chem. Phys., 2003, 118:6884. 
[31] Cao Y L, Li G L, Tang Z C. Chin. Science Bulletin, 2005, 50:845. 
[32] Vandenbosch R, Will D I. J. Chem. Phys., 1996, 104:5600. 
[33] Gomei M, Kishi R, Nakajima A, Iwata S, Kaya K. J. Chem. Phys., 1996, 107:10051. 
[34] Pan L, Rao B K, Gupta A K, Das G P, Ayyub P J. Chem. Phys., 2003, 119:7705. 
[35] Largo A, Redondo P, Barrientos C. J. Phys. Chem. A, 2002, 106:4217. 
[36] Redondo P, Barrientos C, Largo A. Int. J. Quan. Chem., 2004, 96:615. 
[37] Redondo P, Barrientos C, Cimas A, Largo A. J. Phys. Chem. A, 2004, 108:212. 
[38] Redondo P, Barrientos C, Cimas A, Largo A. J. Phys. Chem. A, 2003, 107:4676. 
[39] Redondo P, Barrientos C, Cimas A, Largo A. J. Phys. Chem. A, 2003, 107:6312. 
[40] Largo A, Redondo P, Barrientos C. J. Phys. Chem. A, 2002, 106:4217. 
[41] Largo A, Cimas A, Redondo P, Barrientos C. Int. J. Quan. Chem., 2001, 84:127. 
[42] Zhai H J, Wang L S. J. Chem. Phys., 2004, 120:8996. 
[43] Gnaser H. Phys. Rev. A, 1999, 60:2645. 
[44] Gnaser H, Dreuw A, Cederbaum L S. J. Chem. Phys., 2002, 117:7002. 
[45] Dreuw A, Sommerfeld T, Cederbaum L S. J. Chem. Phys., 1998, 109:2727. 
[46] Dreuw A, Sommerfeld T, Cederbaum L S. Angew. Chem. Int. Ed. Engl., 1997, 36:1889. 
[47] Dreuw A, Cederbaum L S. J. Chem. Phys., 2000, 112:7400. 









































































首先在 PC/Pentium IV 微机上使用分子图形软件 HyperChem7[1]设计团簇
的三维模型；然后用 HyperChem7 软件提供的分子力学（力场 MM+）和半经
验量子化学方法(PM3)对原始模型进行初始优化； 后阶段应用 Gaussian 98
程序包中 6-31G*[2]基组的 B3LYP 密度泛函方法，进行几何构型精细优化和振
动频率计算 [3-4]，并使用 6-311+G*基组计算优化后构型的单点能量（即
B3LYP/6-311+G*//B3LYP/6-31G*）。在对中小尺寸的纯碳原子簇和掺杂碳原子














Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
